We present a measurement of CP asymmetry using a time-dependent Dalitz plot analysis of B 0 ! ÿ 0 decays based on a 414 fb ÿ1 data sample containing 449 10 6 BB pairs. The data was collected on the 4S resonance with the Belle detector at the KEKB asymmetric energy e e ÿ collider. Combining our analysis with information on charged B decay modes, we perform a full Dalitz and isospin analysis and obtain a constraint on the CKM angle 2 , 68 < 2 < 95 as the 68.3% confidence interval for the 2 solution consistent with the standard model (SM). A large SM-disfavored region also remains. DOI In the standard model (SM), CP violation arises from an irreducible phase in the Cabibbo-Kobayashi-Maskawa (CKM) matrix [1, 2] . Snyder and Quinn pointed out that a time-dependent Dalitz plot analysis (TDPA) of the decay B 0 ! ! ÿ 0 [3] offers a unique way to determine the angle 2 [4] in the CKM unitarity triangle without discrete ambiguities, which cannot be obtained from analyses of other modes sensitive to 2 such as B ! or [5] . The TDPA uses isospin and takes into account a possible contamination from b ! d penguin transitions. In addition, using measurements of B ! 0 and 0 provides further improvement of the 2 determination [6, 7] .
In this Letter, we present the result of a TDPA in B 0 ! ÿ 0 decays and a constraint on 2 . We use a 414 fb ÿ1 data sample that contains 449 10 6 BB pairs collected on the 4S resonance. The data were taken at the KEKB collider [8] using the Belle detector [9] .
In the decay chain 
where p , p ÿ , and p 0 are the four-momenta of the , ÿ , and 0 , respectively, in the decay of B 0 ! ÿ 0 . 
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The 27 coefficients (9)- (12) are the parameters determined by the fit [12] . The parameters (9)- (10) and (11)- (12) are called noninterfering and interfering parameters, respectively. This parameterization allows us to describe the differential decay width as a linear combination of independent functions, whose coefficients are fit parameters in a well behaved fit. We fix the overall normalization by requiring U 1. Thus, 26 of the 27 coefficients are free parameters in the fit.
In contrast to a quasi-two-body CP violation analysis, a TDPA includes measurements of interfering parameters, which are measurements of CP-violating asymmetries in mixed final states. In principle, these measurements allow us to determine all the relative sizes and phases of the amplitudes A and A , which are related to 2 through an isospin relation [6, 7] by
Consequently, in the limit of high statistics, we can constrain 2 without discrete ambiguities.
To reconstruct candidate B 0 ! ÿ 0 decays, we combine pairs of oppositely charged tracks with 0 candidates. The selection criteria for charged tracks are the same as in the previous B 0 ! analysis [13] . Candidate 0 's are reconstructed from pairs having M in the range 0:1178-0:1502 GeV=c 2 , corresponding to 3 standard deviations () in M 0 resolution, and momenta greater than 0:1 GeV=c in the laboratory frame. We require E > 0:05 (0.1) GeV in the barrel (endcap) of the electromagnetic calorimeter [9] , which subtends 32 -129 (17 -32 and 129 -150 ) with respect to the beam axis. Candidate B mesons are reconstructed using two variables calculated in the center-of-mass frame: the B invariant mass calculated using the beam energy in place of the reconstructed energy (M bc ), and the energy difference between the B candidate and the beam energy (E). We define a signal region ÿ0:1 GeV < E < 0:08 GeV and 5:27 GeV=c 2 < M bc , and a large fitting region jEj < 0:2 GeV and 5:2 GeV=c 2 < M bc . The procedure used to measure t and to determine the flavor of the decaying B 0 meson, q tag , and its quality, l, are described elsewhere [14] . The dominant background is
221602-3 e e ÿ !u; d; s; c continuum events. To distinguish these jetlike events from the spherical B decay signal events, we combine modified Fox-Wolfram moments [15] and the B flight angle with respect to the beam direction into a signal (background) likelihood variable L sigbkg and impose requirements on the likelihood ratio R L sig =L sig L bkg . These requirements depend on the quality of flavor tagging. When more than one candidate in the same event is found in the large fitting region, we select the best candidate using likelihood based on M and R. After the best candidate selection, we apply a [16] . Figure 1 shows the M bc (E) distribution for the reconstructed B 0 ! ÿ 0 candidates within the E (M bc ) signal region. The signal yield is determined from an unbinned four-dimensional extended-maximum-likelihood fit to the E-M bc and Dalitz plot distribution in the large fitting region, where the Dalitz plot distribution is fitted only for events inside the E-M bc signal region. The fit function includes signal; incorrectly reconstructed signal, which we call self-cross-feed (SCF); continuum; and BB background components. The probability density function (PDF) for each component is the same as that used for the TDPA described below, but integrated over t and summed over q tag . The fit yields 971 42 B 0 ! ÿ 0 events in the signal region, where the errors are statistical only.
Using the same data sample as described above but performing a time-integrated Dalitz plot fit with a wider Dalitz plot acceptance, 0:00:55 GeV=c 2 < s 0 p < 1:5 GeV=c 2 , we determine the line shape parameters and . We use the results obtained for the TDPA below. We also put upper limits on the possible deviations of ( -, -) from the nominal (, ), which we use to estimate systematic errors.
To determine the 26 coefficients, we define the following event-by-event PDF: P X Xsig;qq;BB f X P X E; M bc ; m 0 ; 0 ; t; q tag ; l;
where P sig , P, and P BB are the PDF's of signal including SCF, continuum, and BB components, respectively, and f sig , f, and f BB are the corresponding fractions that satisfy f sig ff BB 1. Here, P sig and P BB are modeled based on Monte Carlo (MC), though a small correction is applied to P sig to take account of the difference between data and MC, while Pis modeled using data. The signal PDF, P sig , is the sum of a correctly reconstructed PDF (P true ) and an SCF PDF, where P true F l true P true E; M bc m 0 ; 0 ; l P true m 0 ; 0 ; t; q tag ; l:
0 ; l, and P true m 0 ; 0 ; t; q tag ; l are event fractions in each category of tagging quality l, a E-M bc PDF, a Dalitz plotdependent efficiency, and a Dalitz-t PDF for the correctly reconstructed signal component, respectively. The Dalitz-t PDF corresponds to the right-hand side of Eq. (1) with the following modifications: (i) it is convolved with the t resolution function [17] ; (ii) it is multiplied by the determinant of the Jacobian for the transformation s ; s ÿ ‫ۋ‬ m 0 ; 0 ; and (iii) the wrong tag fractions, w l , and the difference between B 0 and B 0 decays, w l , are taken into account. A more detailed description of the PDF can be found elsewhere [18] .
An unbinned-maximum-likelihood fit to the 2824 events in the signal region yields the results listed in Table I . With a toy MC study, we find that the errors estimated by the likelihood function do not give correct 68.3% confidence level (C.L.) coverage for the interfering parameters. In the Table, we multiply the error estimates from the likelihood function by a factor of 1.17, which is calculated from the MC study, to obtain errors with correct coverage. We find that U 0 is 4:8 above zero, corresponding to clear evidence for the presence of the decay B 0 ! 0 0 in agreement with our previous measurement [19] . Figure 2 shows the mass and helicity distributions, and the backgroundsubtracted t asymmetry plot for each enhanced region. We define the asymmetry in each t bin by N ÿ N ÿ =N N ÿ , where N ÿ corresponds to the background-subtracted number of events with q tag 1ÿ1. The ÿ enhanced region shows a significant cosinelike asymmetry arising from a nonzero value of U ÿ ÿ . Note that this is not a CP-violating effect, since ÿ is not a CP eigenstate. No sinelike asymmetry is observed in any of the regions (g)-(i).
The noninterfering parameters can be interpreted as the quasi-two-body parameters of the process B 0 ! , whose definitions can be found elsewhere [13] , and the Table I .
There are several sources of systematic uncertainty. To determine their magnitudes, we vary each possible contribution to the systematic error by its uncertainty in the data fit or in the MC, and take the resultant deviations in the fitted parameters as errors. We add each contribution in quadrature to obtain the total systematic uncertainty. The largest contribution for the interfering parameters comes from radial excitations. We take account of possible deviations of ( -, -) from the (, ) values, and uncertainties of , , and the mass and width of each resonance. Large contributions to the systematic errors for the noninterfering parameters come from potential backgrounds such as B 0 ! f 0 980 0 , f 0 600 0 , ! 0 , and nonresonant ÿ 0 , which we neglect in our nominal fit. We perform fits to toy MC including these backgrounds with the branching fractions at their 68.3% C.L. upper limits, which we obtain from our data or world averages [11, 20] ; the largest variations are taken as systematic errors. Comparable contributions also come from vertex reconstruction, background PDF's, and tagside interference [21] ; more detail can be found elsewhere [18] .
We constrain 2 from the 26 parameters measured in our analysis following the formalism of Ref. [5] and the statistical treatment using toy MC described in Ref. [22] . The resulting 1 ÿ C:L: function is shown in Fig. 3 as a dotted curve. To incorporate all available knowledge, we combine our measurement with results on the branching fractions for B 0 ! and B ! 0 , 0 , and flavor asymmetries of the latter two [20] . Assuming isospin (pentagon) relations [6, 7] and following the same procedure as above, we perform a full Dalitz and pentagon combined analysis, the result of which is shown in Fig. 3 as the solid curve. We obtain 68 < 2 < 95 as the 68.3% confidence interval for the solution consistent with the SM (left three columns) , and the associated quasi-two-body CP violation parameters (rightmost column), whose definitions can be found elsewhere [13] . The first and second errors are statistical and systematic, respectively. The correlation coefficient between A ÿ and A ÿ (A 0 0 and S 0 0 ) is 0:47 (ÿ0:08). expectation. A large SM-disfavored region (0 < 2 < 5 , 23 < 2 < 34 , and 109 < 2 < 180 ) also remains. In principle, with more data we may be able to remove the additional 2 solutions.
In summary, using 414 fb ÿ1 of data we have performed a full Dalitz plot analysis of the B 0 ! ÿ 0 decay mode, where the observables include the first measurement of S 0 0 . A full time-dependent Dalitz plot analysis with the pentagon isospin relation is performed for the first time and a constraint on the angle 2 is obtained.
We thank the KEKB group for excellent operation of the accelerator, the KEK cryogenics group for efficient solenoid operations, and the KEK computer group and the NII for valuable computing and Super-SINET network support. We acknowledge support from MEXT and JSPS (Japan); ARC and DEST (Australia); NSFC and KIP of CAS (China); DST (India); MOEHRD, KOSEF and KRF (Korea); KBN (Poland); MIST (Russia); ARRS (Slovenia); SNSF (Switzerland); NSC and MOE (Taiwan); and DOE (USA).
